Currently, we live in a world where the materials are the protagonists. Raw materials are fundamental to make industrial products; however, the increasing demand for these finite natural resources put the more industrialized countries under pressure to find ways to recycle and reuse the products at the end of their lives. Every year, tons of industrial and natural waste are accumulated and destroyed without a new use for them. Today, the energy consumption at the world level to extract raw materials contributes significantly to pollution and environmental degradation. In the European Union, the construction sector is responsible for 40% of global energy consumption, contributing considerably to CO 2 emissions. The planet's future is compromised, unless the human beings learn how to preserve and conserve resources that Earth offers, changing the basic patterns of consumption, manufacturing and recycling. Sofa industries and wood industries generate significant amounts of waste that undergo a thoughtless destruction or recycling with a final order to reuse. This paper presents the research work that has been conducted in the scope of the Master Program in Product and Industrial Design of Faculty of Engineering, Faculty of Fine Arts and Design Studio FEUP, seeking the reuse of leftovers (textile and wood powder), to create innovative products. The main objective is to prepare the waste that is mixed with different amounts and types of binders, and cast in molds. In some cases, the introduction of a shape memory alloy can promote an extra value and functionality to the designed products. This way the aim is to sensitize the community to the possibility of introducing new products in the market addressing concepts such as green design, sustainability and innovation.
Introduction
The objective of this study was concentrated in the development of products, having wood and textile waste as the main raw materials, associated to design, namely to product design. The solutions presented report the agglomeration of waste to binders with elastomeric properties, introducing the Nitinol wire during the production process, as an innovative factor.
Framework

Analysis of textile, wood, and furniture industries
According to the analysis of the document ''Analysis of Textile and Clothing Industry'' (2012), in Portugal, it is in the North of the country, especially in the districts of Braga and Oporto, that 80% of Textile and Clothing Industries are concentrated -data studied between 2007 and 2011. 1 As it happens with the Textile Industries, the Wood Industries are mainly concentrated in the North Littoral districts, taking into account the information given by The Central Balance Sheet Database (CBSD) of Banco de Portugal in 2014. In Portugal, the district of Oporto is the most representative, between 30% and 40%, regarding the number of companies, sales volume, and the number of workers. 2 After reading the documents ''Analysis of Textile and Clothing Industry'' and ''Analysis of Wood, Cork and Paper Industries'', it can be concluded that the two sectors represent a great part of national industries, that way these companies generate significant amounts of waste during the manufacturing process.
Sustainability and reuse of waste
Nowadays, we live in a world where raw materials represent a key role. They give substance to all visible and touchable things. Absolutely everything on the Earth's surface is, until a certain degree, recycled. 3 Designers and engineers work for the industry, and therefore contribute to the pollution increase. Changing this pathway is in their hands, not by reducing the production, because the market has to keep on going, but (re)inventing methodologies to reduce waste and natural resources. Therefore and because of the importance of materials in areas like design and engineering, it is necessary that these areas work as a vehicle to sensitize society to reuse and recycling policies, making new products from the industrial waste.
Due to this problematic, the subjects 'Industrial Waste Transformed into Raw Material' and 'Natural Waste Transformed into Raw Material', appeared after the awareness that today's energy consumption, contributes to pollution, environmental degradation and emission of gases with global effects. 4 The design must give its contribution to the environment and solve environmental problems minimizing the use of polluting materials and creating sustainable and ecological practices.
Papanek 5 sustains that the future of the planet is compromised, and environmental sustainability and the ecological balance are at risk, unless the human being learns how to preserve and keep Earth's resources, changing their basic patterns of consumption, manufacturing and recycling. ''The worry with ecology points out a new orientation for design, that is, the reuse of manufacturing leftovers, that are normally wasted''. 5 As mentioned in the book ''Material Innovation, '' 6 we may be watching ''a technological revolution in the effectiveness and efficiency of our recycling story, but we still have a long way to go to ensure that our landfills are a thing of the past rather than one of the few human-made things easily seen from space.''
Waste generated by industries
The companies with waste materials difficult to recycle are, nowadays, dealing with two options: the simple and thoughtless destruction of waste or recycling with the final aim of reusing. Textile waste generated by the sofa industries, as a result of the manufacturing of sofas, namely, in the process of cutting the fabric, are generally sent to entities responsible for recycling this kind of raw material. 7 Wood Industries produce waste that comes from the work made by the subtractive manufacturing, resulting in a low reuse of raw material in dust that is deposited and exposed to the environment. Later, when finding alternatives for the reduction of this waste, as in the carbonization and combustion wood processes, in spite of reducing them in quantity, they create strong impacts in the environment through the release of gases and toxic derivatives. 8 People are aware that the market has been changing, with cheaper and cheaper products appearing, and because of that, more polluting and less ecological products are used. It is known that the human impact over nature and the environment. However, the unnecessary consumption is part of everyday life, as well as the disordered use of certain materials, including natural resources. 6 Only few companies have implemented quality management systems with respect to environment. Based on the quality of the product, without forgetting the environmental impact of their products, since the inclusion of raw materials, going through the manufacturing and packaging processes, until the post consumption stage. This way, the design appears as a decisive factor for innovation and as an element associated to the brand or to the image of the company. 9 State of the art of reusing waste materials
The study methodology of the state of the art allowed to analyze the current applications of the materials being studied -sofas fabrics and wood powder -in the areas of design and engineering associated to sustainability and eco design. The study concerned the area of reusing textile waste and wood powder applied in areas such as furniture and isolation. gives it a structural resistance. With this, the designer wants to call the attention to the high percentage of textile waste that ends in landfills. 10 The high percentage of cotton is mixed with a biodegradable sticker keeping a high structural resistance, after being sealed with a ''green washing''. This mixture is highly resistant and can be worked with molds to obtain products. Cutting, drilling, grinding and screwing operations are easily performed. 10 Well proven chair. London, 2012. Marjan van Aubel and James Shaw, London designers, realized that a high percentage, 50-80%, of wood was wasted during the manufacturing process, so they have searched a design for a solution to reuse this waste.
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They have developed a moldable material, using wood shavings and bio-resin, that when mixed caused a chemical reaction, expanding the material until five times more than its original volume. It resulted in a light and resistant material, with the capacity of increasing its resistance by adding oatmeal to the mixture of resin and shavings. With the addition of dye and varied sized shavings, the material acquired versatility in its shapes, colors and applications. The designers applied this material in a chair, a Well Proven Chair ( Figure 2 ). Developed with the support of the American Hardwood Exports Council, it was one of the first pieces of furniture to be submitted to Life Cycle Analysis (LCA), in order to analyze the environmental impact of the product and its process. This project was developed by ''Layer'' an industrial design studio, founded by Benjamin Hubert in London, and it has already won several international awards. 12 Scale was projected by Benjamin Hubert in 2015, whose main worry was to create a space divider joining elegance and the best demountable acoustic isolation. As Bettina Groves, Business Director of the Design Studio, says: ''I believe the emerging work environment will be enriched with our new product Scale: a sculptural space divider providing elegance with improved acoustics which is easily demountable and versatile.'' 13 The project is composed of a hexagonal board, built from thermoplastic sections, molded by injection of recyclable materials. The hexagonal pieces are assembled to create a base, where on both sides the recycled compacted fabric pieces cover a thermoplastic structure, using a screw system. 14 By agglomerating these natural components, the Panels acquired many mechanical and functional characteristics: it is an ecological and humidity proof material, contributing positively to health and well-being by keeping an indoor favorable climate. The high pH value guarantees the preservation of the Panels making their rotting impossible. BAUX Acoustic Panels have the capacity to store heat in a natural way and to expel it when the air temperature falls, contributing to the reduction of energy costs and environmental impact. 15 The structure of the material results in sound absorption, being favorable for the spaces acoustic. They are also fire resistant and can be applied as a protection coating. 15 BAUX Acoustic Panels, with excellent acoustic and isolation properties, are available in five patterns and 20 colors, permitting different combinations. The installation of the Panels can be done through two procedures: with glue, where the Panel is glued directly on the wall; or with magnets, that are fixed to the back of each Panel and later magnetically mounted or fastened to a metal sheet applied on the surface (wall or ceiling). 15 
Shape memory alloys Shape memory alloys: Materials and their behavior
Shape memory alloys (SMAs) are innovative materials that are already applied in the areas of engineering and design. In 1932, Arne Ö lander, a Swedish physicist, discovered the gold-cadmium capacity, when deformed plastically, to return to its original shape when heated. 16 SMAs belong to a group of materials with shape memory -shape memory materials (SMMs), that have the capacity to recover their original shape (format or size) when submitted to a memorization process between two transformation stages, depending on temperature and magnetic field. These alloys have two transitory stages in the solid state, called Martensitic and Austenite. This phenomenon is a rearrangement in the molecular structure, that happens because of the changing of the alloy temperature. 16 According to the publication ''Stimulus-responsive shape memory materials: A review'', 16 there are three main types of shape memory alloys, namely: with a copper base -Cu (mainly CuAlNi and CuZnAl); with a nickel and titanium base -Nitinol (NiTi); and with an iron base -Fe (FeMnSi, Fenic and FeNiCoTi). 16 Nitinol alloys are composed of 55-56% of nickel and 44-45% of titanium. There are two main Nitinol characteristics: the first one, known as ''super-elastic,'' consists of resistance to torsion and flexibility; the second one is enhanced by the capacity of the Nitinol to recover its predefined shape when heated over its transformation temperature. 17 Shape Memory Alloys are a viable option to solve engineering and design problems, because they can be 14 introduced in many industrial uses like ''intelligent'' structures and systems that need a fast and effective answer. 16 
Applications of shape memory alloys in design
Projects that integrate shape memory alloys as main material were explored, associated to architecture and luminaire, namely in the application to facades/blinds and lamps. Through this study, until now, there were not found any projects that use textile or wood waste combined with shape memory alloys, what makes these projects innovative.
Homeostatic Facade System. New York, 2011. Architecture Research Studio Decker Yeadon, based in New York, is formed by the architects Yeadon and Decker. 18 In 2011, they developed the project ''Homeostatic Facade System'' ( Figure 5 ), combining technology, architecture, and design. This project -''Homeostatic Facade System'' -is a product destined to the facades of the buildings. 18 The Decker Yedon studio is known for the innovation of its products and for the use of innovative materials such as shape memory alloys. This product uses these alloys as the main material, allowing the project to change shape by heating. By using these alloys, it promotes the opening and closing of facades depending on indoor temperatureoriginated by the sun heat, without any mechanical parts. 19 Hanabi. Japan, 2006. In 2002, the Japanese designer Oki Sato founded Nendo Design. Through ideas, sketches, and simple projects, he wanted to create uncommon experiences in the user. 20 Oki Sato, in 2006, created Hanabi Light (Figure 6 ), 21 made from metal and with shape memory alloys, opening like a flower when the light is turned on. The designer inspired himself in a glass of ice tea and as soon as the ice started to melt, he thought he could project something that would change with the differences in temperature. 20 Shape Memory Alloys are the factor responsible for the changing of the position of the metal in the light. After turning the light on, the heat of the bulb raises the temperature, and the material expands. Hanabi literally blooms every time the light is turned on, because the heat of the bulb opens the metal petals with the shape of a lampshade. 22 Nowadays, the making of this kind of projects is more complicated due to the general use of cold bulbs, 
Experimental work Materials and methods
The glues and resins have the role to aggregate textile and wood waste, with getting properties such as traction resistance, waterproofing, abrasion resistance, and temperature resistance at the end. It is meant to integrate also shape memory alloys, through Nitinol wire, for the creation of innovative products. The action of the Nitinol wire depends on the use of a flexible alloy material, permitting its effective action.
During the experimental work, many experiences were gained with different alloys, such as HB PMC 790 A þ B, a polyurethane elastomer destined to the manufacturing of molds and models in many industries with a hardness of 90 Shore. 23 Concerning the aggregation of the binder with the textile waste, this material was not very effective, because the union of the fabrics after the cure was not total. It has also presented high hardness, forbidding the action of the Nitinol wire. This way it was decided to use a contact glue in order to join textile waste in an effective way, allowing the effective action of the Nitinol wire.
The aggregation of wood waste with the binder HB PMC 790 A þ B, a polyurethane elastomer, was successful because when handling the sample, there was not any loss of shaving particles. However, the resin hardness made impossible the incorporation and the action of the Nitinol wire.
Binding materials
In order to bind the textile waste, Triunfex, a contact glue, was used (Table 1) , with integrated vulcanization elements. It is a glue made especially with rubber resins of polychloroprene and phenolic resins, dissolved in a mixture of oxygenated solvents and hydrocarbons. The main characteristics are the fast development of the gluing tension, the excellent resistance to heat, the insensitivity to humidity and, finally, it is easy appliance. 24 In the binding of wood waste, a polyurethane elastomer was used -HB PMC 744 A þ B (Table 2) , characterized by its multifunctionality, easy use, low viscosity, good resistance to tear, impact and abrasion. It is a material destined to the manufacturing of molds and models in many industries. 25 
Results with binding materials and waste
Experimental characterization: Triunfex glue and textile waste. The experimental process of Figure 7 started with the cutting of the fabrics: the rectangular base in benzine and the basic fabric strips. Later, it proceeded with the gluing stage, the benzine base, followed by the Nitinol wire, the aluminum sheets (aluminum sheets used in the manufacturing of soda cans), and finally basic fabric strips.
The Nitinol wire (Smart Wires, Czech Republic) has a thickness of 1 mm, with an activation temperature of 35 C. The aluminum sheets had a thickness of 0.01 mm.
The aluminum sheets were used because it was necessary to get load in a different direction from the definitive state of the Nitinol wire. Through this process, it was possible that the curtain realized its opening action -action related to the cold state. With the sun heat, the curtain closes due to the action of the Nitinol wire.
Finally, after all the elements aggregated to the benzine base, were overlapped with the basic fabric strips, with the objective of getting the best finishing of the product.
After the drying time, a Black & Decker industrial dryer was used with the purpose of assessing if the piece was doing the two functions: close when it is hot through the action of the Nitinol wire; and open when it is cold through the action of the aluminum sheet. Finally, it was observed that the piece was moving with some restrictions because it was not fixed in a stable way, being a process to improve in a subsequent stage.
Experimental characterization: HB PMC 744 A þ B and wood waste. The experimental process of Figure 8 was started, with the preparation of the resin binder, where the catalyzer (50%) was carefully mixed with the resin (50%).
Then it was made the mixture of the Sucupira dust wood with the binder, inside a plastic container. The materials were mixed in a homogeneous way, and respecting the lifespan of the resin (15 min, at 25 C), the paste was leaked out in a plastic platform. Taking into account the lifespan of the resin gel, the Nitinol wire (Smart Wires, Czech Republic) was put in the middle of the mixture, so that it was incorporated in the materials. Later, a weight was put with the effect of press over the sample to achieve a smaller thickness. After more than 16 h and cured at the room temperature, it was possible to remove the mold set without difficulty. A sample with 3 mm thickness was obtained, resulting in a material with great flexibility and resistance. The agglomeration of materials was well succeeded, as there was not any loss of shaving particles when handling the sample. In this experience, the amount of binder (60%) and the amount of shaving (40%) were appropriate, permitting a homogeneous mixture of the shaving with the polyurethane elastomer. It was achieved a natural aspect and the natural color and texture of the shaving was preserved. After a week, the sample obtained the hardness of 44 shore, becoming lightly darker.
In order to test the action of the Nitinol wire, its shape was changed manually and then the sample was heated with an industrial Black &Decker dryer, so that the Nitinol wire achieved its activation temperature of 30 C. By suffering the temperature changing, it was visible that the action of the wire went back to its original position, together with the material.
In a subsequent stage, it is aimed to attribute the second stage of the action of the Nitinol wire, being possible to check in this experience only one variation of the wire position. 
Product proposals
Starting from the several concepts idealized, a series of analysis criteria were chosen as a help in the process of selection of the most suitable products, taking into account the needs and the objectives of the projects -reuse of textile and wood waste. During the process of development of the products, it is necessary to certify that the new concepts and ideas in development meet innovation and sustainability, being the design the main ally.
Proposal of development of a curtain -textile waste
The project that aims the reuse of textile waste consists of the development of an innovative curtain. It is a curtain that integrates the shape memory alloys allowing the changing of the shape through heating (25 C activation temperature) -generated by sun light. The use of shape memory alloys -through Nitinol wireallows the opening and closing of the curtain according to the indoor temperature (Figures 9 and 10) .
The curtain is composed of 14 modules with 25 cm length Â 15 cm height. The set of modules composes a curtain of 120 cm height Â 50 cm length.
These modules are composed, as shown in Figures 11 and 12 , by: a benzine fabric base (25 cm length Â 15 cm height); three aluminum sheets -with the function of setting the modules in the original state -(10 cm height Â 1.5 cm length, 0.01 mm thickness); three Nitinol wires (10 cm height Â 0.01 mm thickness); and seven strips of basic fabric (25 cm length Â 1.5 cm height). All these elements were aggregated by Triunfex contact adhesive. This curtain is inserted in a rail, with 50 cm length, where two modules are inserted. With this, the user has the option to collect the curtain, if he wants the total entrance on the sunlight (Figure 13 ).
Proposal of development of luminaire -wood waste
The proposal related to the reuse of wood waste, namely wood dust (shaving), consists of the The Nitinol wire is responsible for the changing of the shape of light. The wires are fixed to an electronic board, fed by the electrical energy that sends a command to the wires, as soon as the luminaire is switched on. That way, the wire's temperature raises, causing a transitory shape ( Figure 15 ). As soon as the light of the table lamp is turned off, the resin flexibility will enable the wire to go back to its original state (Figure 16) .
In both projects, they were materialized in a basic and minimalist shape, stressing the reuse of wastetextile and wood. The proposals presented want to exemplify one of the many possibilities of the application of materials. In both projects, the mass production is not practicable because these products can be customized for specific applications. The two design projects are in prototyping stage, making it impossible the perception of production costs.
Conclusions
This matter appeared as a way to fight the problem of great environmental impact that is growing, as allies the design, eco-design, sustainability and engineering.
The reuse of textile and wood waste appeared as an answer to the preservation of the environment, reducing the ecological footstep of sofas and wood industries. The interest about the reuse of these wastes appeared after the awareness that in the furniture area there is a lot of waste from raw materials that is not used for anything else, rejecting the idea of reusing them, or when they are reused their function is reduced.
There is awareness that the use of less polluting materials should be one of the main concerns and this way it is required, in a subsequent stage, to use eco-friendly binders.
It is recognized that the use of shape memory alloys, namely Nitinol wire, is an innovative factor. However, it is necessary to go on studying the way to get the two variations of wire in each one of the appliances referred previously.
It is not discarded the possibility of incorporating these innovative materials in other applications using these wastes -textile and wood.
The fusion between the area of design and engineering should contribute to the creation of innovative products through the reuse of raw materials, sensitizing society to the importance of reuse and recycling. With this, the environmental footprint of industries and consequently environmental impact are is reduced. 
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